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a r t I C l e S
In the vertebrate central nervous system (CNS) many axons are ensheathed by myelin, tight spiral wraps of plasma membrane made by oligodendrocytes. Myelin greatly increases the speed of propagation of action potentials, permitting rapid information transfer over long distances and allowing the evolution of larger animals with bigger, more powerful brains. Approximately 5% of all neural cells in the rodent and human brain are oligodendrocyte precursors (OPs). These glial precursors generate the majority of myelinating oligodendrocytes during the early postnatal period (the first ~10 weeks in mice and 5−10 years in humans) 1,2 , but continue to generate oligodendrocytes and myelin at a declining rate subsequently [2] [3] [4] [5] [6] [7] [8] [9] . Differentiation of OPs into oligodendrocytes depends on the transcription factor Myrf 10, 11 . Myrf is not expressed in cycling OPs but is first transcribed in differentiating oligodendrocytes, in which it is required for activation of many downstream genes including those encoding myelin structural proteins [10] [11] [12] .
We previously investigated the function of adult-born oligodendrocytes in mice by inactivating Myrf conditionally in OPs, using tamoxifen-inducible CreER T2 under transcriptional control of platelet-derived growth factor receptor-alpha (Pdgfra-CreER T2 ) to recombine and delete a loxP-flanked allele of Myrf (P-Myrf −/− mice) 13 . This dramatically reduced new oligodendrocyte production from their precursors without affecting preformed oligodendrocytes or myelin and prevented mice from mastering a new motor skill (running on a 'complex wheel' with irregular rung spacing). We concluded that development of new oligodendrocytes during adulthood is required for motor learning 13 . However, the precise role of new oligodendrocytes in the learning mechanism remains unclear. They might be needed in a purely permissive role; for example, to repair myelin that is lost or damaged in use, so that the underlying neural circuitry remains competent for learning. Alternatively, they might be involved more directly. For example, they might improve conduction by synthesizing myelin, by inducing sodium channels to cluster at 'pre-nodes' before myelination 14 or by transferring substrates for energy production (lactate and pyruvate) into axons 15, 16 . Any or all of these mechanisms might improve the performance of new circuits while preserving them for future use.
A key component of learning at the subcellular level is synaptic modification [17] [18] [19] [20] . This can occur very rapidly; there are dynamic changes to the number and size of dendritic spines (sites of synaptic contact) on pyramidal neurons in the mouse motor cortex within one-and-a-half hours of initiating fine-motor training 21 . This is much faster than previously reported responses of oligodendrocyte lineage cells to novel experience 13 , or to other physiological or artificial stimuli 8, 13, 22, 23 , which have been reported to occur over days to weeks. This might suggest that oligodendrocytes act far downstream of synaptic change or in an entirely separate pathway. However, our knowledge of how oligodendrocyte lineage cells change in response to novel experience is still rudimentary, and more work is required before we can understand their role in neural plasticity.
To help elucidate the contribution of oligodendrocytes to motor learning, we examined the time course of learning and the accompanying cellular events at higher temporal resolution than has been done before. We analyzed complex wheel-running data for P-Myrf −/− mice a r t I C l e S and their P-Myrf +/− littermates and discovered that the performance of the two groups diverged very early, within 2−3 h of first introducing mice to the wheel. This result implies that oligodendrocyte differentiation is required at a very early stage of motor-skill learning, close to the point at which synaptic change occurs 21 , suggesting that oligodendrocytes and myelin have a more active role in learning and memory than might have been imagined previously.
To look for direct evidence of early involvement of oligodendrocyte lineage cells, we analyzed OP proliferation and differentiation in the motor cortex and subcortical white matter of wild-type mice during the early stages of learning. Using a new molecular marker Enpp6 (a choline-specific ecto-nucleotide pyrophosphatase/ phosphodiesterase) [24] [25] [26] that is preferentially expressed in early differentiating oligodendrocytes (ref. 27 and this work), we detected accelerated differentiation of OPs into newly forming oligodendrocytes after just 2.5 h self-training on the complex wheel. This early phase of oligodendrocyte production presumably involves direct differentiation of OPs that were paused in the G1 phase of the cell cycle before introduction of the wheel. The sudden surge of differentiation resulted in a transient dip in the local density (cells/mm 2 ) of OPs followed by increased S-phase entry among the remaining OPs and elevated oligodendrocyte production in the longer term (>10 d). Thus, it appears that a primary effect of novel experience is to stimulate rapid differentiation, within hours, of G1-arrested OPs into new oligodendrocytes that participate in and are required for optimal early stage learning. The subsequent wave of OP proliferation and differentiation, presumably a homeostatic reaction to the initial depletion of OPs 28 , occurred together with continuing improvement in running performance, suggesting that the later-generated oligodendrocytes also contribute to learning and long-term motor memory.
RESULTS

Myrf is required in the first few hours of skill learning
We analyzed the ability of mice to run at speed on a complex wheel with irregularly spaced rungs, as described previously 13 . We assembled a large data set from tamoxifen-treated Pdgfra-CreER T2 :Myrf loxP/loxP mice (referred to as P-Myrf −/− ; n = 32; 17 males) and their P-Myrf +/− littermates (n = 36; 20 males), by combining data from several smaller cohorts of one or two litters each (postnatal day (P) 85 or P115 at the time of running). Mice ran mainly at night (during the dark part of the cycle; 6 p.m. to 6 a.m.) and were inactive in the day. As reported previously, both P-Myrf +/− and P-Myrf −/− mice improved their running speeds over a period of about 1 week, but the average or maximum speeds attained by P-Myrf −/− mice were always less than the control P-Myrf +/− group (ref. 13 and Fig. 1a ; all mice received tamoxifen on four consecutive days, 3 weeks before running). At the end of the first night, performances of the two groups had already diverged, implying that Myrf-dependent processes were important during the first 12 h for optimal learning. Plotting average speed over successive 2-h (rather than 12-h) intervals showed that for both P-Myrf −/− and control groups most improvement during the first night occurred within the first 4 h, after which running performance leveled off (Fig. 1b) . At the beginning of the second night, following 12 h of daytime inactivity and sleep, performance was immediately better than it had been at any time in the previous 24 h (Fig. 1b) . This mirrored the sleep-dependent 'consolidation' that is observed in humans learning a motor task 29 . On subsequent nights, performance improved incrementally from one night to the next, beginning at a level close to the previous night's peak and improving further for a few hours before tailing off ( Fig. 1b  and Supplementary Fig. 1 ).
Plotting average running speed over 20-min intervals revealed that performance of P-Myrf −/− mice was already impaired relative to their P-Myrf +/− littermates within the first 2−3 h of the first night (Fig. 1c) . This early requirement for Myrf presumably reflects differentation of Pdgfra-expressing OPs into new oligodendrocytes; it cannot reflect modification or adaptation of preexisting oligodendrocytes or myelin because differentiated oligodendrocytes do not express Pdgfra-CreER T2 and therefore do not delete Myrf loxP . OPs lacking Myrf do not differentiate properly but arrest and die before the expression of myelin structural genes 10, 11, 13 . e.m. *P < 0.05, **P < 0.01, ***P < 10 −3 , ****P < 10 −4 . In a, night 1: P = 0.09, t = 2.5; night 2: P = 0.01, t = 3.3; night 3: P = 0.004, t = 3.5; night 4: P = 0.004, t = 3.5; night 5: P = 0.0009, t = 3.9; night 6: P < 0.0001, t = 4.6; night 7: P < 10 −4 , t = 4.7; night 8: P = 0.001, t = 3.8. F 1,497 = 109.9 and degrees of freedom (d.f.) = 497 throughout. In b, night 1: 2 h, P = 0.43, t = 1.81; 4 h, P = 0.03, t = 2.8; 6 h, P = 0.009, t = 3.2; 8 h, P = 0.004, t = 3.4; 10 h, P = 0.002, t = 3.7; 12 h, P = 0.004, t = 3.5. F 1,396 = 56.2; night 2: 2 h, P = 0.007, t = 3.3; 4 h, P = 0.003, t = 3.5; 6 h, P = 0.063, t = 2.6; 8 h, P = 0.015, t = 3.0; 10 h, P = 0.11, t = 2.4; 12 h, P = 0.03, t = 2.8. F 1,396 = 51.1; night 3: 2 h, P = 0.002, t = 3.63; 4 h, P = 0.004, t = 3.43; 6 h, P = 0.02, t = 2.95; 8 h, P = 0.072, t = 2.53; 10 h, P > 0.99, t = 1.054; 12 h, P = 0.24, t = 2.06. our previous study 13 . However, in that study we had administered the nucleotide analog 5-ethynyl-2′-deoxyuridine (EdU) from the time mice first encountered the wheel, so we could follow the fates only of those cells that entered S phase after that point. That could have limited our ability to detect the earliest cellular responses. Therefore, in new experiments we prelabeled wild-type mice with EdU for 10 d, from P75 to P85, before introducing the wheel (Fig. 2a) . This was sufficient to label ~20% of OPs in the cortical gray matter and ~75% of OPs in the subcortical white matter (data not shown). We then followed the fates of those EdU-labeled cells in mice that had self-trained on the wheel for 48 h (P85-P87), by immunolabeling for Pdgfra to identify OPs and with monoclonal CC1 for oligodendrocytes. The majority of EdU + cells in both gray and white matter was also Sox10 + (96.7% ± 0.6%; >1,000 cells counted in more than three sections from each of 3 mice, Fig. 2b) , so EdU labeling can be used as a proxy oligodendrocyte lineage marker in these experiments. We observed a decrease in the a r t I C l e S number density (cells per mm 2 ) of EdU + Pdgfra + OPs in mice housed with a wheel ('runners') relative to littermates housed without a wheel ('nonrunners') both in the motor cortex (7.3 ± 0.6 cells/mm 2 vs. 10.4 ± 0.7 in runners vs. nonrunners; P = 0.01, two-tailed unpaired t-test) and in subcortical white matter (71.2 ± 6.2 vs. 91.9 ± 4.0 cells/mm 2 ; P = 0.02; ≥3 sections analyzed from each of 6 mice) (Fig. 2c,d ).
This was accompanied by a reciprocal increase in the number density of EdU + Sox10 + Pdgfra − CC1 − cells, that is, newly differentiating oligodendrocytes that had lost Pdgfra but not yet acquired CC1 immunoreactivity (motor cortex: 4.1 ± 0.5 vs. 2.3 ± 0.2 cells/mm 2 in runners vs. nonrunners (P = 0.01); subcortical white matter: 73.5 ± 8.9 vs. 51.0 ± 5.5 cells/mm 2 (P = 0.03)) (Fig. 2c,d ). These data demonstrate that novel experience with the complex wheel stimulated differentiation of OPs that had replicated their DNA in the 10 d before introduction to the wheel. At that time point (2 d with the wheel) there was no difference in the density of EdU + CC1 + oligodendrocytes in runners vs. nonrunners ( Fig. 2c-e) , but a significant increase in density of those cells developed in runners between 2 d and 4 d, both in the motor cortex and subcortical white matter, and the increases persisted beyond 8 d (Fig. 2e,f) . Numbers of EdU + CC1 + newly formed oligodendrocytes decreased in P-Myrf −/− mice (P < 0.10 −4 ), as expected (Fig. 2e,f) . There was no increase in oligodendrocyte production in the optic nerves of runners vs. nonrunners (Fig. 2g) , demonstrating regional specificity of the response.
Enpp6, a new marker of newly forming oligodendrocytes
The cellular responses to wheel running after 2 d were still much delayed relative to the 2−3 h required to register an improvement in running performance (Fig. 1c) . Nevertheless, the results described above drew our attention to the potential role of OP differentiation in early stages of learning. To facilitate study of early OP differentiation, we scanned existing expression databases for developmental-stage-specific markers and identified a gene, Enpp6, that is expressed highly in newly forming oligodendrocytes and at a much lower level in more mature myelinating oligodendrocytes, but not at all in OPs, neurons, astrocytes or vascular endothelial cells 27 (Fig. 3a) . In situ hybridization (ISH) for Enpp6 labeled cells in both the gray and white matter of the P60 mouse brain (Supplementary Fig. 2) . We detected two populations of Enpp6-positive cells; the majority had small, weakly labeled cell bodies but a minor subpopulation had larger cell bodies that were more intensely labeled ( Fig. 3b and Supplementary Fig. 2 ). This expression pattern is consistent with the interpretation that the numerous weakly labeled cells (Enpp6 low ) are mature oligodendrocytes, whereas the less abundant strongly labeled cells (Enpp6 high ) were newly differentiating, in keeping with the high-throughput RNA sequencing (RNA-seq) data 27 . By appropriately adjusting ISH conditions, we filtered out the weakly labeled cells and visualized only the strongly labeled, putative newly differentiating oligodendrocytes (Supplementary Fig. 2b ). These Enpp6 high cells did not express Pdgfra, so they were not OPs, but they all had Sox10 and/or Olig2 immunoreactivity (Supplementary Figs. 2c  and 3, and Supplementary Table 1) . Most but not all of them also labeled with CC1 ( Supplementary Fig. 3 and Supplementary Table 1) , and they all expressed Mbp mRNA (Fig. 3b,c and Supplementary  Table 1) , which identified them as oligodendrocytes. At P90 the Enpp6 high Mbp + cells had a distinctive 'spidery' morphology with multiple radial processes (Fig. 3b,c) . All Enpp6 high cells were Mbp + spidery cells and vice versa (Fig. 3c and Supplementary Table 1 ) and comprised < 5% of all Mbp + oligodendrocytes at P90. The Enpp6 high Mbp + spidery cells were practically absent from P-Myrf −/− brains (Fig. 3d,e) , confirming that they were newly forming oligodendrocytes 13 . A morphological subclass of oligodendrocyte resembling the Enpp6 high Mbp + cells and described as 'premyelinating' has been visualized previously in rat and human brains, by immunolabeling for the myelin Proteolipid protein (Plp, DM20 isoform) 30, 31 .
We found that in P10 cerebral cortex, ~45% (66/146) of Enpp6 high Mbp + cells also expressed the myelin structural proteins a r t I C l e S myelin-associated glycoprotein (Mag) and Mbp in their cell bodies and processes, including myelin sheaths (Fig. 4a) . Some of these (for example, cell 1 in Fig. 4a ) expressed low amounts of Mbp protein, suggesting that they were newly myelinating. Those that expressed higher amounts of Mbp (for example, cell 2 in Fig. 4a ) expressed low levels of Enpp6, consistent with Enpp6 being downregulated as oligodendrocytes matured. Many Enpp6-expressing cells also expressed Mbp mRNA in their cell bodies as well as in their Mbp-positive myelin sheaths, both at P10 and P90 (Fig. 4b-d) . At P90, in layer 2 of the motor cortex where myelin internodes were less dense and easier to associate with individual cell bodies, ~65% (37/55) of Enpp6 high Mbp + cells also expressed Mbp protein (Fig. 4c,d) . We concluded that a substantial fraction of Enpp6 high cells in developing and adult brains synthesized nascent myelin sheaths. The distribution pattern of Enpp6 high cells in the developing brain was distinct from that of either Pdgfra-expressing OPs or the general population of Mbp-expressing or Plp + -expressing oligodendrocytes (Fig. 5a-c) . They were almost completely absent from P-Myrf −/− brains (Fig. 5d) , confirming that they are oligodendrocyte lineage cells. The number of Enpp6 high cells declined markedly with age, in keeping with the diminishing rate of oligodendrocyte differentiation 9 ( Fig. 5e-h ). Enpp6 high newly differentiating oligodendrocytes were still evident in the corpus callosum and cerebral cortex of young adult (P90) mice (Fig. 5g) , and even at P365 we detected small numbers of these cells (Fig. 5h) , consistent with a low rate of new oligodendrocyte production even at one year of age.
Enpp6 starts to be expressed after Pdgfra is extinguished and overlaps with the onset of CC1 expression, but is downregulated in more mature myelinating oligodendrocytes, which continue to express CC1 (Supplementary Figs. 2 and 3, and Supplementary Table 1) . Therefore, Enpp6 high cells included some but not all Pdgfra − CC1 − early differentiating oligodendrocytes (Fig. 2) as well as the earliestforming CC1 + oligodendrocytes.
Accelerated production of Enpp6 + cells during training
We used ISH for Enpp6 mRNA to detect newly differentiating oligodendrocytes in mice that were learning to run on the complex wheel ( Fig. 6a-i) . Within just 2.5 h, we detected an increase in the number of Enpp6 high cells in the subcortical white matter of runners vs. nonrunners (35.9 ± 2.0 cells/mm 2 vs. 28.4 ± 1.7 cells/mm 2 ; P = 0.003; ≥3 sections from each of 8 mice) (Fig. 6k) . This increase in cell number occurred in the same time frame as the earliest improvements in running performance (Fig. 1c) , consistent with the idea that new oligodendrocyte production is an integral part of early stage motor learning, occurring in parallel with, or closely following, changes at the level of synapses 21 . At 2.5 h we detected no change in Enpp6 high cells in the motor cortex of runners vs. nonrunners (Fig. 6j) . However, at 4 h there was a ~25% increase in Enpp6 high cells in both motor cortex and subcortical white matter in runners vs. nonrunners (motor cortex: 12.9 ± 0.4 cells/mm 2 vs. 9.6 ± 0.6 cells/mm 2 , P < 0.001; subcortical white matter: 40.5 ± 2.5 cells/mm 2 vs 29.4 ± 2.5 cells/mm 2 , P = 0.003; ≥3 sections from each of 10 mice). After 12 h (one night) with the wheel, there was a ~50% increase in Enpp6 high cells in runners vs. nonrunners (motor cortex, 15.7 ± 0.6 cells/mm 2 vs. 9.6 ± 0.4 cells/mm 2 , P < 0.001; subcortical white matter: 48.7 ± 2.4 cells/mm 2 vs. 29.4 ± 1.7 cells/mm 2 , P < 0.001) and after another 12 h (i.e., one night plus the following daytime inactivity period) an even larger (about twofold) increase (motor cortex: 23.3 ± 1.2 cells/mm 2 vs. 10.7 ± 1.1 cells/mm 2 , P < 0.001; subcortical white matter: 54.2 ± 7.9 cells/mm 2 vs. 27.9 ± 2.2 cells/ mm 2 , P < 0.001) (Fig. 6j,k) . The latter data raise the possibility that the improvement in running performance that develops during sleep or inactivity (Fig. 1c) might be related to ongoing oligodendrocyte generation; it has been reported that OP proliferation and differentiation is circadian, with S-phase entry occurring preferentially during the day and M phase and oligodendrocyte differentiation at night 32, 33 . Production of Enpp6 high cells was dramatically reduced in P-Myrf −/− mice relative to wild-type mice both in nonrunners and 12-h runners (Fig. 6c,f,i−k) , as expected. We still observed increased numbers of newly formed Enpp6 high oligodendrocytes in 8-d runners, though in reduced numbers compared to earlier time points (Fig. 6j,k) .
Motor learning, not exercise, stimulates oligodendrogenesis Increased oligodendrocyte differentiation might conceivably have been part of a systemic response to exercise, rather than to motor learning per se. To disentangle these effects, we compared two cohorts of wildtype mice, one of which self-trained on the complex wheel for 8 d, rested for 2 weeks, and then was reintroduced to the complex wheel for 24 h. The other cohort we introduced to the complex wheel once only, for 24 h (Fig. 7a) . The average running speed and distance traveled over 24 h of the latter group (here referred to as 'first-timers') was much less than that for the second-timers that had already mastered the wheel 2 weeks previously (Fig. 7b,c) . Despite this, the Enpp6 high number density was increased in motor cortex and underlying white matter only in the first-timers (Fig. 7d,e) . This experiment dissociates running speed (physical exercise) from novel running experience (learning) and demonstrated that the rate of production of new oligodendrocytes increased only during the primary learning event. a r t I C l e S Moreover, increased production of Enpp6 high newly differentiating oligodendrocytes was induced in motor cortex but not visual cortex of the first-timers in this experiment (Fig. 7f) , demonstrating regional specificity of the early learning response.
DISCUSSION
We presented evidence that oligodendrocyte development was required for motor learning in adult mice, within the first few hours of their being introduced to the complex running wheel. The performance of P-Myrf −/− and P-Myrf +/− groups both started out at baseline, but mice in the two groups improved at different rates over the first 2−3 h, before equilibrating at different levels. This observation reinforced our conclusion that the two groups learned at different rates, rather than possessing inherently different physical abilities, as the physical effort required for the initial low-speed wheel-turning was unlikely to be limiting. At the cellular level, the primary response was accelerated production of Enpp6 and Mbp-expressing early differentiating (spidery) oligodendrocytes, which we detected within the first 2.5 h (Supplementary Fig. 4 ). This might underestimate the rapidity of the response, as Enpp6 does not mark the very earliest differentiating Figure 7 Increased production of Enpp6 + newly formed oligodendrocytes was a response to motor learning, not physical exercise. (a) Experimental design, in which one group of mice (2nd) self-trained on the complex wheel (CW) for 1 week, rested for 2 weeks, and then was reintroduced to the wheel along with a separate group that was introduced for the first time (1st). After 24 h (P85−P86) both groups of mice (and parallel groups of nonrunners) were analyzed by ISH for Enpp6. Fig. 4) . The rapid increase in Enpp6-expressing newly forming oligodendrocytes is likely to result from stimulated differentiation of G1-phase-paused OPs, because at 2 d of training we observed a reduction in the absolute number of OPs (Fig. 2c,d) ; however, it is possible that increased survival of Enpp6-expressing cells also played a part. Production of Enpp6 high newly forming oligodendrocytes peaked around 24 h and declined thereafter, although increased production was still evident after 8 d. We observed that peak of new oligodendrocyte production only during the first encounter with the wheel, not during a subsequent encounter, and only in motor cortex and not visual cortex, suggesting that it is a specific response to motor learning, not exercise per se. The early surge of OP differentiation was reflected in a reduction at 2 d of running in the number of OPs (prelabeled with EdU) and a corresponding increase in the number of Pdgfra − CC1 − newly forming oligodendrocytes. This was followed at 2-4 d by accelerated S-phase entry of some of the remaining OPs 13 . This sequence suggests that the S-phase entry observed at 2-4 d was a homeostatic response to the earlier depletion of OPs through differentiation. For example, local depletion of OPs could result in loss of contact inhibition 28 or a local excess (through reduced consumption) of a mitogenic growth factor (for example, Pdgf) 34 , either or both of which might stimulate proliferation of the remaining OPs in the locality. This spike of OP generation propelled a secondary wave of oligodendrocyte production over the following days to weeks (Figs. 2d and 4g,h and ref. 13) . The dynamics of the system are complex, and it seems likely that oligodendrocytes contribute to motor-skill acquisition in different ways at different stages of the process.
Various learning regimens in humans and rodents are associated with changes to the microstructure of gray and white matter, detected by magnetic resonance diffusion tensor imaging. For example, people or rats learning a complex visuomotor skill (for example, juggling or using an abacus for humans, and grasping food pellets for rats) develop altered microstructure in the motor cortex and/or subcortical white matter after training for days to weeks [35] [36] [37] [38] . Changes to gray and white matter microstructure can be detected even within 2 h in people learning to play an action video game 39 . Experiencedependent structural changes to gray and/or white matter could in principle result from synaptogenesis and elaboration of the dendritic arbor [17] [18] [19] [20] [21] , alterations to astrocyte morphology and their interactions with neurons 40 , changes to the microvasculature 41 or altered (adaptive) myelination 22, 23, 42, 43 . The results of our own present and previous studies 13 support the latter possibility.
Our ability to detect early oligodendrocyte dynamics relied partly on Enpp6, which we characterized as a new marker of early differentiating oligodendrocytes. Enpp6 is likely to become a useful tool for studying oligodendrocyte differentiation in vivo; for example, during remyelination of demyelinated lesions. Enpp6 is considered to be a choline-specific glycerophosphodiester phosphodiesterase, as it can hydrolyze glycerophosphocholine and sphingosylphosphocholine efficiently in vitro [24] [25] [26] . Therefore, it seems likely that Enpp6 has a role in lipid metabolism during formation of the myelin sheath and might be required to initiate myelination rapidly in response to differentiation-inducing signals, including those that operate during motor learning. It will be interesting in future to examine the functional role of Enpp6 and related family members during myelination.
How might newly forming oligodendrocytes contribute to learning? The rapidity of their formation suggests that they work in close partnership with neurons, hand-in-hand with (or close on the heels of) synaptic change, not simply by preserving or 'ossifying' new circuits after they have become established. For example, when mice first encountered the complex wheel they tried to develop strategies for coping with unequal rung spacing; this presumably involves exploratory firing of distinct neurons or groups of neurons along the motor pathways. There might be several or many parallel circuits that can generate behavioral outputs within a useful range, some more effective than others. The superior circuit(s) might be activated more frequently than others as the action is rehearsed, and thus become selected and strengthened according to Hebbian principles, both at the level of the synapse and by rapid and selective myelination of the interconnecting axons. It is known that OPs receive synaptic input from axons 44 , and that oligodendrocyte development and myelination can be regulated by axonal activity in vivo 22, 23, [42] [43] [44] [45] [46] . Newly differentiating oligodendrocytes might enhance circuit function by initiating myelination and/or clustering of sodium channels and other nodal components before myelination 14 , by supporting axonal metabolism 15, 16 , or a combination of those effects. This in turn could enhance connectivity at the synaptic level and so on, back and forth. As myelin thickness and compaction increases, the performance of the network and its behavioral outputs would be expected to improve further. Therefore, oligodendrocytes are likely to contribute to learning over an extended period from hours to weeks. Ultimately, myelin protects axons metabolically and physically over the long term, preserving lifelong memories.
METhODS
Methods and any associated references are available in the online version of the paper. 
